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Experimental observations. Different dependences of the detector signal (Isig) on the sam-
ple photoexcitation power (Wex) observed for mechanically and mechano-chemically pol-
ished sides of the same single-crystalline silicon wafer in the optical-beam-induced IR-light 
scattering (dark field) mode of the scanning mid-IR-laser microscope (the probe CO2-laser 
wavelength λp = 10.6 μm, the exciting HeNe-laser wavelength λex = 633 nm) [1] were re-
cently reported in Ref. [1] (see Fig. 1). Usual for linear recombination second-power law 
[1,2] was found for the mechano-chemically polished side of the wafer in the optical-beam-
induced scattering mode. In the optical-beam-induced IR-light absorption mode [1], a linear 
law was obtained for both wafer sides which is also in agreement with the theoretical predic-
tion. Only for the mechanically polished side an “anomalous” cubic dependence was regis-
tered in the induced light-scattering mode which has not been explained thus far.2 Now the 
explanation has been found. 
 
A role of dislocations. Let us suppose that the impact of charged extended linear defects 
(dislocation lines) on the carrier scattering process prevails in the mechanical polishing dam-
aged layer and the defect density Nm (per unit area) is so high that the probe IR light cyclic 
frequency ω << 1/τ  (τ  is the momentum relaxation time). 
To understand the physical picture, let us consider the following simple model. Let us as-
sume that the dimensions of the defects Lx and Lz satisfy the condition: Lz >> LD >> Lx (LD is 
the Debye length). In this case, as the probability of carrier scattering on such defects Psc ∝ 
LDLz (the carrier velocity component along the defect (z) axis is implied to be negligible in 
comparison with its component normal to the z-axis), τ ∝ (1/LDLz) ∝ n1/2; n is the free carrier 
concentration. 
Keeping in mind the assumption made about ω  and τ  it may be written for the IR-light 
scattering intensity: Isc ∝⏐δε⏐2 ∝ [Im(ε )]2 [1,2] where δε  is a local variation of the dielectric 
function ε . In turn, Im(ε ) ∝ (ωp)2τ ∝ n3/2 (ωp is the plasma frequency) that agrees with the 
measured cubic dependences (hereinafter, the linear recombination is implied, i.e. n ∝ Wex). 
More accurate calculations give the same law for the dependence of the light scattering 
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2 Remark, that the same cubic law was previously obtained for mechanically polished Ge sample 
by the low-angle mid-IR-light scattering technique with the surface photoexcitation [1]. 
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intensity on the photoexcitation power for the case of 
free carrier scattering on charged linear monopoles. One 
can easily derive following Ref. [3]: 
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In eqs. (1) to (3), εL is the lattice dielectric constant; q is charge per defect unit length; m* 
is the carrier effective mass; the rest designations are used in their commonly known mean-
ing. 
It is seen from eqs. (1) to (3) that Im(ε ) ∝  n3/2 in a wide range of the free carrier concen-
trations—for Si or Ge crystals g(p) ≈ const up to n ∼ 1018 cm-3 at T = 300 K. 
So, it can be concluded from eq. (1) that the microscope detector signal 
sig sc exI I n W∝ ∝ ∝3 3 . (4) 
This expression explains the cubic law observed for dependences of the light scattering 
intensity (detector signal) on the photoexcitation power obtained in the experiments for the 
mechanically polished silicon wafers (as well as the cubic law previously obtained for Ge). 
 
Conclusions. The inference can be made from the above that dislocations play the main role 
in the mechanism of charge carrier scattering in silicon (or germanium) wafers subsurface 
layer damaged by mechanical polishing. The depth of this layer is estimated as comparable 
with or some greater than the space charge region width. 
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Figure 1. Mid-IR-laser microscope detector signal vs. the 
sample photoexcitation power in crystal for mechanically 
(1),(3) and mechano-chemically (2),(4) polished sides of the 
same CZ Si:B wafer; (1),(2): optical-beam-induced IR-light 
scattering (dark field); (3),(4): optical-beam-induced IR-light 
absorption; probe laser wavelength λp = 10.6 μm, exciting la-
ser wavelength λex = 633 nm; fitting line slope: (1) 2.9 ± 0.3, 
(2) 1.9 ± 0.1, (3) 1.01 ± 0.03, (4) 1.17 ± 0.05. 
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